The frequency and range of long-term sequelae following acute Q fever infection remains controversial. This study aimed to assess a range of potential psychological and physical sequelae in a follow up study of a large outbreak of Q fever that occurred in Newport, Wales, in 2002. A nested case control study was undertaken six years after a point source outbreak of Q fever. We invited a cohort of 211 factory workers exposed to a point source of Q fever in 2002 to attend a follow up clinic in 2008. Cases, defined as those who had clinical symptoms and serological evidence of acute Q fever in 2002, were compared to controls, who worked in the same factory but were serologically negative at the time of the outbreak. At the follow up clinic blood was taken for Coxiella burnetii microimmunofluorescence and questionnaires were completed including the PHQ-9, Chalder Fatigue scale, and General Health Questionnaire. Results were obtained for 32 cases and 13 controls. Chalder Fatigue scores were significantly raised in the cases (independent samples t-test: P=0.047). PHQ-9 and GHQ scores were not significantly raised in cases. However, post hoc cross sectional analysis indicated a relationship between Phase 2 IgG at follow up in 2008 and Chalder Fatigue scores (P=0.004) and PHQ-9 scores (0.049). A longitudinal association was demonstrated between acute Q fever infection and chronic fatigue six years later. In crosssectional analysis a previously unreported relationship between depression scores (PHQ-9) and positive Q fever serology was also identified.
Introduction
A number of follow up studies of patients with acute Q fever [1] [2] [3] [4] [5] [6] [7] [8] and serological examination of patients presenting with Chronic Fatigue Syndrome, 9 have indicated that Q fever may be associated with chronic fatigue. A relationship between previous Q fever and symptoms of depression can also be postulated. 10 The underlying aetiology of the association between Q fever and chronic fatigue remains unclear. The extent to which chronic symptoms are influenced by the strain of C. burnetii, psychosocial factors, immunological or genetic factors is also uncertain. 11, 12 The possibility of long term effects following acute infection is supported by evidence that the aetiological organism can be detected in a proportion of patients by PCR many years later. [13] [14] [15] It is still unclear whether patients that have long standing chronic fatigue after acute Q fever gain any benefit from antibiotic treatment. 16, 17 A point source outbreak of Q fever occurred in a cardboard manufacturing plant in Newport, South Wales, in 2002. 18 This outbreak was one of the largest to have occurred in the UK. During the initial outbreak, the exposed cohort was identified and a nested case control study was undertaken to assess the difference in exposure between cases and controls to a range of potential sources of the outbreak. The cohort of factory workers, including affected and unaffected individuals provided the opportunity for a follow up study, which was conducted six years later in 2008. The serological findings of the follow up study have been published. 19 The current paper compares the symptoms of the original cases and controls in a follow up study. The aim of the study was to assess the hypotheses that i) chronic fatigue, ii) depression and iii) reduced physical function were more common in those who had acute Q fever in 2002 compared to those individuals in the cohort who worked in the same factory but did not demonstrate evidence of infection at the time of the outbreak.
Materials and Methods
From the initial cohort of 226 individuals who worked in the factory in 2002, all 131 serologically positive cases were invited to take part in the follow up study in 2008, as were a random sample of 80 of the 95 serologically negative individuals. A written invitation to participate, including a leaflet outlining the proposed study, was therefore sent to 211 potential participants.
Those individuals who agreed to take part in the study were invited to a clinic where blood was taken for microimmunofluorescence testing for presence of The PHQ-9 is a self-administered subset of the PRIME-MD diagnostic instrument for common mental disorders. It is a widely used and well validated measure of depression based on nine questions that start with the stem, Over the last 2 weeks, how often have you been bothered by any of the following problems? Answers range from 0 (not at all) to 3 (nearly every day). The Chalder Fatigue scale used in this analysis contains 11 questions covering the physical and mental symptoms of fatigue including, tiredness, need to rest, feeling drowsy, problems starting things, and difficulty concentrating. The General Health Questionnaire is a broad ranging and widely used measure of physical health. The two other questions on fatigue duration and percent of time affected by fatigue were not previously validated questions.
Questionnaire data was analysed using Microsoft Excel ® and SPSS ® . In view of the relatively small sample sizes, the non-parametric Mann-Whitney U test for two independent samples was used to compare variables. Variables were also dichotomised and compared using the chi-square test. Fishers' exact test was used where where one cell had an expected count of less than five.
Ethical approval for the study was granted by the South East Wales Research Ethics Committee Panel C.
Longitudinal and cross sectional analyses
The data was analysed as a nested case control study, based on the status of participants in 2002 as cases or controls. In 2002 cases were defined as those members of the exposed cohort who had clinical symptoms of acute Q fever infection and serological evidence of infection as demonstrated by a Phase 2 IgM ≥80, or a fourfold rise on sequential Complement Fixation Tests (CFT). Non-cases were defined as those who had no symptoms of acute Q fever infection and no serological evidence of infection with no IgM, no CFT and no Phase 1 or 2 IgG. Three patients who did not unambiguously meet criteria as cases or controls were excluded from analysis. They had uncertain serology defined as no IgM, no fourfold rise in CFT but CFT ≥ 8 or Phase 1 or 2 IgG > 160. Two of the three individuals with uncertain serology had symptoms; the third individual did not. These three individuals were excluded from all the analysis presented in this paper.
A post hoc cross sectional analysis of the cohort was also undertaken, assessing the relationship between current clinical symptoms at the time of the clinic in 2008 and Phase 2 IgG blood results from samples taken at the same time. Phase 2 IgG titres were recorded as 0, 320, 640, 1280, or 2560. Scores for clinical symptoms were dichotomised as follows: Chalder Fatigue (0-3, 4-11); PHQ-9 scores (dichotomised at the median: 0-3, 4-9); duration of tiredness (less than 6 months, 6 months or more); percent of time participants felt tired (less than 50% of the time, 50% of the time of more); and GHQ scores (dichotomised at the median: 0-2, 3-12).
Results
Results for analysis were available for 45 individuals out of a total of 52 individuals who attended the follow up clinic. This represented Table 1 . Both groups were predominantly male, reflecting the population in the factory where the outbreak occurred. The mean age of cases was 50.18 yrs (SD 9.85, range 27-64 yrs) and the mean age of controls was 53.57 yrs (SD 8.86, range 36-68 yrs). Educational attainment was similar in both groups: 37.5% (12/32) of cases and 38.5% (5/13) of controls had remained in education after the minimum school leaving age.
Nested case control study
A 
Cross sectional analysis
A second post hoc analysis of the cohort was undertaken to assess whether symptoms recorded at the follow up clinic in 2008 were associated with Phase 2 IgG results taken at the same time (Table 3 ). There was a clear relationship between higher C. burnetii Phase 2 IgG and raised Chalder Fatigue score (P= 0.004), tiredness for 6 months or more (P= 0.037), tiredness for 50% of the time or more (P=0.012), and raised PHQ-9 score (0.049), but not GHQ score (P=0.406).
Article
Similarly, dichotomising C. burnetii Phase 2 IgG scores to 0-640 and 1280-2560 and assessing the relationship with symptoms using the chi-square test indicated a clear relationship to clinical symptoms of fatigue: Chalder Fatigue score (chi-square 8.049; P=0.005), tiredness for 6 months or more (chi-square 4.311; P=0.038), tiredness for 50% of the time or more (chi-square 6.686; P=0.01). Relationships with PHQ-9 score (chi-square 2.702; P=0.1), and GHQ score (chi-square 0.634; P=0.426) were not statistically significant. Four of the fourteen control subjects (based on their status in 2002) had C. burnetii Phase 2 IgG titres of 320 for Q fever at follow up in 2008.
Discussion
Chalder Fatigue scores were significantly raised six years later in those individuals who were diagnosed with acute Q fever at the time of the outbreak. In contrast, general health, as measured by the GHQ, was not significantly different from controls drawn from the same cohort of individuals who worked in the same factory at the time of the outbreak. There is a statistically significant cross-sectional relationship (P=0.049) at the time of follow up between raised serology by microimmunofluorescence and both Chalder Fatigue scores and depression as measured by the PHQ-9. Symptoms of fatigue and depression can overlap and can be difficult to differentiate. However, as these results were derived from the cohort of workers exposed to Q fever in the initial outbreak in 2002, there is some evidence to suggest that depression may be a associated with previous Q fever infection. This finding will need verified by future studies. An unexpectedly large proportion of the controls (28.6%) were serologically positive at follow up. This figure is much higher than the sero-prevalence of Q fever in the UK population. 23 The positive Q fever serology may represent late sero-conversion due to exposure at the time of the outbreak, later exposure to Q fever, or false positive results.
The main strength of this study was that it used validated questionnaires to assess symptoms associated with the long term sequelae of Q fever subsequent to a point source outbreak.
The study was also strengthened by the fact that controls were drawn from the same environment as cases. However, some controls may indeed have been unidentified asymptomatic cases and a separate population of control subjects would have strengthened this study further. The potential inclusion of some cases in the control group would reduce the power of the study to detect an effect and should, therefore, not have introduced bias in favour of our findings.
The sample size in this study is small and the response rate is relatively low. Participants were aware whether or not they had been diagnosed as having acute Q fever in initial outbreak and this may have introduced some reporting bias when completing the follow up questionnaires. Potential problems in interpreting serological results and defining international standards for acute, past and chronic infection have been considered in a previous report. 19 It would have been helpful to have information on other blood borne infections that could have contributed to chronic fatigue. However, we have no reason to suspect that the prevalence of such infections would be different in cases and controls. Consequently, this issue should not have materially affected our findings. It would have been interesting to assess whether there was a relationship between the nature of the work undertaken by each participant in the study and their level of fatigue. In particular, whether there was a relationship between the symptoms of chronic fatigue and the level of physical exertion undertaken on a day to day basis or the shift pattern worked by the individuals concerned. It would also have been useful to compare the frequency and duration of sick leave in cases and controls. Unfortunately, none of this information was collected. One patient from this cohort developed Q fever endocarditis and was treated with antibiotics. However, it is unclear whether or not chronic fatigue after Q fever infection should be treated with antibiotics. Raised Q fever serology is more common in patients with Chronic Fatigue Syndrome than in the background population. 9 Small studies have shown that some patients with chronic fatigue and raised Q fever serology respond to antibiotic treatment. 16, 24 However, high antibody levels may indicate high responder status rather than the actual presence of the microorganism. This study points up the desirability of a trial of antibiotics in patients with post q fever chronic fatigue.
Conclusions
This study has demonstrated that chronic fatigue was more common six years later in patients who were infected with Q fever during an outbreak. The study has also raised the possibility of a relationship between raised C. burnetii Phase 2 IgG and symptoms of chronic fatigue and depression. 
